invokes L array elements or sensors. At the transmitter side Alamouti's STBC scheme based on two transmit antennas is A multiple-input multiple-output (MIMO) space-division employed for encoding the transmitted symbols, in order to multiple-access (SDMA) system is presented and investigated, achieve a double-order transmit diversity. By contrast, at the when the space-time block coded (STBC) In this contribution we focus on the reduced-rank MMSE Specifically, three classes of reduced-rank MMSE techniques detection of the STBC assisted SDMA signals. Specifically, are investigated in conjunction with the proposed SDMA sys-three classes of reduced-rank MMSE techniques are extended tem. The three classes of reduced-rank MMSE algorithms are and investigated in conjunction with the proposed SDMA sysderived, respectively, based on the principles ofprincipal com-tem, so as to achieve low-complexity MMSE detection. The ponents (PC), cross-spectral metric (CSM) and Taylor poly-three classes of reduced-rank MMSE algorithms are derived, nomial approximation (TPA). Our study and simulation re-respectively, based on the principles of PC [4] - [7] , CSM [6, 8] sults show that the reduced-rank MMSE detection is capable and TPA [9]. The characteristics of these reduced-rank MMSE of achieving a satisfactory trade-off between the affordable de-algorithms are considered, and their BER performance is intection complexity and the achievable detection BER perfor-vestigated by simulation, when communicating over indepenmance. dent Rayleigh fading channels. Our study and simulation results show that the reduced-rank MMSE detection is capable
shows the schematic of a SDMA system, where each moof both MIMO theory and applications. It is widely recognized bile transmitter employs two transmit antennas, while the base that MIMO systems can be employed for achieving a high ca-station (BS) receiver has M antenna arrays, each constituted by pacity [1] and a high diversity order [2] , for mitigating the ef-L array elements. Note that in Fig. 1 the thin lines are related to fects of various types of interfering signals [3] , and for support-scalar variables, while the thick lines correspond to vector variing SDMA. A core principle behind the high spectral efficiency ables. For the kth user, as shown in Fig. 1 , at the transmitter achieved by the MIMO systems is that, when communicating side two adjacent data symbols x, and 12 are STBC according over a rich scattering environment providing nearly indepen-to Alamouti's space-time transmission scheme. The resultant dent transmission paths from each transmit antenna to each re-STBC symbols are then transmitted in two consecutive symbol ceive antenna, the multiple antennas employed by the trans-periods. In the first symbol period the symbol transmitted from mitter and/or receiver are capable of providing extra degrees antenna 1 is Xk1 and the symbol transmitted from antenna 2 of freedom in the spatial-domain, in addition to the degrees of is Xk2. By contrast, in the second symbol period the symbol freedom furnished in the more conventionally exploited time-transmitted from antenna 1 is -42 and the symbol transmitdomain and frequency-domain. This increased degrees of free-ted from antenna 2 is x*,, where the superscript * denotes the dom provide novel ideas for increasing the achievable capacity complex conjugate. and diversity order of wireless systems, as well as novel ideas
In our studied BS receiver there are M receiver antenna arfor suppressing the effects of intentional or unintentional inter-rays, as shown in Fig. 1 . We assume that the different BS fering signals.
antenna arrays are located sufficiently far apart so that their In this contribution the application of MIMO principles received signals experience independent fading. As shown in for supporting SDMA is investigated. Specifically, the syn- Fig. 1 , each of the M antenna arrays consists of L array elechronous multiple-access communications scenario of Fig. 1 is ments, which are linearly correlated elements separated by a considered, where each transmitter, such as a mobile user, em-distance of d, which is assumed to be half a wavelength in this ploys Tx 2 transmit antennas, while the receiver, which is contribution. We assume that K users are supported by the analogous to the BS, employs M receive antenna arrays. Fur-SDMA system. These users transmit their data synchronously thermore, as seen in Fig.l1 where Upon substituting (8) and (9) into (7) that the resulted MMSE is as low as possible. Below a range of rank-reduction algorithms are extended and investigated asso-The principles behind the CSM-based reduced-rank technique ciated with our SDMA systems. Note that, in our forthcoming can be readily understood by referring to (21), which shows discussion, for simplicity, we ignore the factor of E1/2, when that, for a given value of U, the U terms having the highinvoking the autocorrelation matrix Ry or the cross-correlation est CSMs in the form of (22) must be maintained, in order matrix I? since it is either removed during the derivations for achieving the minimum MSE. Hence, the detection subor does not affect the final results at all. This can be shown by space must correspondingly be constituted by the U eigenvec-(16), where the factor of F1/2 will be removed, since the same tors achieving these U highest CSMs. factor is also contained in Ry as seen in (8) . The reduced-rank processing matrix Pu based on Taylor polyThe principal components (PC) based rank-reduction, which is nomial approximation (TPA) is derived by first Taylor expandbased on the eigen-decomposition of the auto-correlation ma-ing the matrix R 1 in (7), which can be described as follows.
Let Amax be the maximum eigenvalue of Ry. Let p be a con-schemes considered in this contribution. In our simulations bistant satisfying 0 < p < 1/Amax. Then, the matrix R`can be nary phase shift keying (BPSK) baseband modulation was as- imations that result from tail-cutting of infinite order approxi-sensors, and supporting K = 2 users, when communicating over Rayleigh mations generally do not lead to the best fit among all approxi-fading channels and when using the full-rank MMSE multiuser detection. mations of the same order. Hence, for the purpose of reducedrank MMSE detection, we can design the processing matrix _10'
The TPA technique has been originally applied for deriv--X v ing the reduced-rank linear detectors for CDMA systems [9] . 10 In comparison with the other reduced-rank MMSE detec-- [5] shows that the rank U needed to achieve full-rank perIn order to gain an insight into the effect of the DOAs on formance does not scale with the system size determined by the BER performance, Fig. 2 shows the BER versus the DOA the number of users, K, and the antenna array resultant dimen-' '~~~~~~~~~angles performance for the SDMA systems, when the full-rank sions, 2ML. Hence, the rank U of the detection subspace can MMSE multiuser detector of (12) employed the knowledge of usually be significantly lower than the number of users sup--H}2 the full-rank performance can be achieved, provided that When the DOAs of both the interfering user and the reference the rank of the detection subspace is not lower than 14, user are nearly identical, the BER achieved is higher than that which is significantly lower than 20 of the rank of the sigachieved, when the interfering signals spatially arrive from difnal subspace. Furthermore, as we mentioned previously ferent DOAs of the desired signals.
in Section C., the TPA scheme does not invoke complex eigen-decomposition for forming the detection subspace. The author would like to acknowledge with thanks the financial *The BER performance improves, when increasing the assistance from EPSRC of UK.
rank, U, of the detection subspace, provided that the rank U is lower than the rank of the signal subspace, or in 1998.
